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Articular cartilage covers the ends of bones and provides lubrication between opposing 
bones during joint motion. It consists of chondrocytes and cartilage extracellular matrix 
(ECM).It has been well established that articular cartilage has a limited capacityfor self-
repair. Therefore, researchers are developing cell / tissue sources for transplants in the 
regenerative treatment of articular cartilage damage.  
We have established protocols for the generation of stable cartilage from human induced 
pluripotent stem cells (hiPSC-derived cartilage, or hiPS-Cart) in vitro. When hiPS-Cart 
were transplanted into the defective articular cartilage of mini-pigs or rats, they 
constituted articular cartilage and showed indications of integration with native articular 
cartilage at the sides and bone at the bottom 4 weeks after transplantation. When 
transplanted to fill an articular cartilage defect, multiple hiPS-Cart formed cartilage 
tissue by integrating with each other and with the adjacent host cartilage tissue. These 
findings collectively suggest that hiPS-Cart can be a new source for transplantation to 
treat articular cartilage defects. 
The process of the hiPSC integration is important for healing, but is not well 
understood. In this study, we analyzed the integration of hiPS-Cart with each other using 
an in vitro model. hiPS-Cart consists of cartilage at its center and a perichondrium-like 
membrane that wraps the cartilage. We put two hiPS-Cart into one well of a round-bottom 
96-well plate and found that they began to bond after 7 days. A portion of the 
perichondrium-like membrane at the integrated site was thickened thereafter, suggesting 
that the cells in the perichondrium-like membrane had proliferated. On day 14, we found 
portions of the cartilage of the two hiPS-Cart were in contact. Finally, integration of the 
cartilage was observed within 4-8 weeks. 
To identify molecules that regulate the integration, we extracted RNA from the 
perichondrium-like membrane and the central cartilage separately and performed RNA 
sequencing analysis. Among differentially expressed genes, we found FGF18 mRNA was 
expressed more in the perichondrium-like membrane than in the central cartilage. 
Real-time RT-PCR expression analysis verified this finding.  
Next, we added FGF18 or an FGFR inhibitor to the in vitro model. Histological analysis 
revealed that more pairs of hiPS-Cart cultured in the presence of FGF18 showed 
connections through the perichondrium-like membrane than that in the absence of 
FGF18. Conversely, the FGFR inhibitor lowered the number of integrated pairs. 
These results suggest that FGF18 secreted from the perichondrium-like membrane plays a role 
in the integration of hiPS-Cart, providing new insight into the mechanism of the integration. We 
expect these findings to contribute to understanding the healing process of transplants and to the 


















したがって、本論文は博士（ 医学 ）の学位論文として価値あるものと認める。 
なお、本学位授与申請者は、平成 31年 2月 18日実施の論文内容とそれに関連した試問を受け、
合格と認められたものである。 
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